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BACTERIAL LOCAUZATION IN THE KIDNEY**
The over-all significance of the hematogenous route of infection in the
pathogenesis of human pyelonephritis is not yet clear, but its role seems
definite enough to merit experimental study. It is the purpose of this
report to describe the localization of Escherichia coli in rat kidney tissues
after a single intravenous injection of bacilli.
MATERIALS AND METHODS
Adult male Sprague-Dawley rats weighing 175 to 250 grams were injected intra-
venously with 0.5-0.8 ml. of a four-hour culture of Escherichia coli (containing 4-7 x 108
organisms/ml.) in beefheartinfusion broth. This particular strain was originally isolated
from the urine of a patient with pyelonephritis and has been fully described elsewhere.'
It is known that this organism is trapped by the kidneys during the course of bac-
teremia, remains there several days after the cessation of the bacteremia, and finally
disappears without causing progressive infection or visible damage to renal tissues.'
At 30 minutes and at 2, 4, 6, 12, 18, 24, 96, and 240 hours following inoculation, animals
were anesthetized with 0.01 g. sodium pentobarbital intraperitoneally. An agar pour
plate was made with 1.0 ml. of heart blood, and 0.05 ml. of bladder urine was aspirated
and streaked on a desoxycholate agar plate. The kidneys were removed, using sterile
technique, and each cortex separated from its medulla by sharp dissection. The cortical
and medullary tissues were then weighed separately and after the addition of enough
0.85% NaCl to the solution to give a final volume of 10.0 ml., each preparation was
ground in a homogenizer obtained from the Tri-R Instrument Company, 144-13 Jamaica
Avenue, Jamaica 35, New York. One milliliter of each homogenate was incorporated
into an agar pour plate.
All cultures ofblood, urine, and tissue were incubated for 36 to 48 hours at 370 C. and
colony counts were then performed using a Quebec counter.
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RESULTS
The results are tabulated in Table 1.
Urine cultures. In all cases the urine culture was sterile indicating that
there was no infection in the kidney that would result in destruction of
renal tissue with subsequent escape of E. coli into the urine. It does not
appear that this strain of bacterium can pass through the undamaged
glomerulus into the urine.
Blood cultures. Although approximately 3 x 108 bacteria had been
injected (giving an initial ideal concentration of approximately 2 x 107
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FIG. 1. Mean ratio of cortical bacterial count to medullary bacterial count.
per milliliter of rat blood), 30 minutes later the concentration of bacteria
in the blood had decreased to 102 per milliliter. By 24 hours after inocula-
tion, blood cultures were sterile in two of the five animals and by 96 hours,
all blood cultures were sterile. The rate of disappearance of bacteria from
the blood stream was not linear and became quite slow after six hours.
Cultures of cortex and medulla. During the first two hours following
inoculation, in every kidney the cortex contained a greater number of
organisms than did the medulla. At four hours after injection of the
bacteria, in two of the eight kidneys there were more organisms in the
medulla than in the cortex, and at six hours after inoculation, and there-
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TABLE 1. RESULTS OF INTRAVENOUS BACTERIAL INJECTION
Bacterial count Ratio of
Hours Cortical count
Rat after Blood Kidneys (total bacterial count) Medullary
num- injec- no.1 Right Right Left Left count
ber tion ml. Urine cortex medulla cortex medulla Right Left
X2 156 0 6400 4600
72 0 10300 4000
2 88 0
144 0
9 0
44 0
54 0
4 44 0
27 0
20 0
49 0
6 14 0
9 0
20 0
8 0
12 21 0
20 0
47 0
10 0
2 0
10 0
48 0
18 6 0
1 0
8 0
18 0
3 0
41 0
20 0
16 0
2 0
2 0
5 0
1 0
4 0
2880 1360
2200 1070
1100 540
930 510
2880 1480
920 880
660 920
350 270
820 510
340 490
360 570
160 620
450 580
520 990
520 1520
260 850
230 360
80 400
250 630
600 880
440 3400
175 1000
80 225
500 500
440 800
160 600
0 250
10 300
40 400
530 1500
50 300
100 130
9960
11600
2840
1760
810
770
3040
800
760
520
1070
4800 1.39 2.08
2680 2.58 4.33
1330 2.12 2.14
1180 2.06 1.49
560 2.04 1.45
330 1.82 2.33
1340 1.95 2.27
1500 1.05 0.53
660 0.717 1.22
420 1.30 1.24
680 1.61 1.57
290 310 0.694 0.935
360 700 0.632 0.514
240 290 0.258 0.828
440 520 0.776 0.846
520
450
240
170
70
190
760
400
200
200
150
160
350
175
175
30
10
340
150
70
1530 0.525 0.34
970 0.342 0.464
1210 0.306 0.198
350 0.639 0.486
100 0.2 0.7
590 0.397 0.322
1100 0.68 0.691
4400 0.129 0.113
300 0.18 0.67
400 0.36 0.5
250 1.0 0.6
400 .. 0.4
700 0.55 0.5
750 0.267 0.23
200 0 0.88
300 0.033 0.1
325 0.1 0.31
920 0.353 0.37
300 0.167 0.5
250 0.77 0.28
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TABLE 1. (Continued)
Bacterial count Ratio of
Hours Cortical count
Rat after Blood Kidneys (total bacterial count) Medullary
nurnl)M- injec- no.! Right Right Left Left count
ber tion ml. Urine cortex medulla cortex medulla Right Left
24 10 0
0 0
0 0
29 0
2 0
96 0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
240 0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
50 70 50 220
50 590 0 390
0 1160 0 890
190 420 330 1080
130 670 10 310
0 640 0 1340
30 24000 0 20430
0 6120 ... ...
0 2000 30 290
0 2160 0 2920
50 2040 20 2390
0 8420 0 4070
10 1320 110 390
0 1710 0 720
30 8070 0 14740
0 250 0 230
0 1520 10 130
0 1120 0 240
10 1600 40 1870
0 2880 0 1200
50 4800 0 7680
0 13000 0 9000
0 22000 20 2040
10 1160 20 220
0 8000 40 31000
0 20 0 10
0 460 0 0
40 220 ... ...
50 160 ...
10 1200 ...
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
58
59
60
61
62
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
0.714 0.227
0.847 0
0 0
0.452 0.306
0.194 0.0323
0 0
0.0013 0
0
0 0.103
0 0
0.024 0.0084
0 0
0.0076 0.28
0 0
0.0037 0
0 0
0 0.077
0 0
0.0063 0.021
0 0
0.01 0
0 0
0 0.0098
0.0086 0.091
0 0.0013
0 0
0
0.182 ...
0.313 ...
0.0083 ...
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after, the number of bacteria in the medulla was greater than the number in
the cortex (Fig. 1) (Table 2).
The mean number of bacteria in the cortex decreased steadily, except
for a slight elevation noted at 12 hours. At 96 hours, 28 of the 46 cortices
were sterile; only one of the 46 medullas was sterile.
The mean bacterial count in the medulla also decreased, but after six
hours this decrease stopped and at later intervals the bacterial population
TABLE 2. MEAN RATIO OF CORTICAL BACTERIAL COUNT TO
MEDULLARY BACTERIAL COUNT
Mean
Time (Cortical count) : (Medullary count) Significance
Ratio
'2 hour 2.60
p> 0.05
2 hours 1.97
p < 0.001
4 hours 1.15
0.01 <p<0.05
6 hours 0.685
0.01 <p<0.05
12 hours 0.449
p> 0.05
18 hours 0.374
p< 0.01
24 hours 0.277
p = 0.01
96 hours 0.0257
of the medulla was maintained. Between 24 and 96 hours there was
bacterial multiplication in the medulla; infection did not occur however,
and all kidneys were sterile by ten days after inoculation.
Cortical and medullary weights. For 62 kidneys the ratio of cortical
weight to medullary weight ranged from 0.87 to 2.2 with a mean of 1.3
and a S.E. of the mean of 0.0423.
DISCUSSION
These experiments indicate that intravenously administered E. coli is
retained selectively by the renal medulla.
Early in the course of the bacteremia, the numbers of organisms in the
two zones of the kidney roughly parallel the respective masses of those
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two zones. After six hours, however, the difference in bacterial count
between cortex and medulla in the same kidney is exaggerated rather
than explained by the size of the tissue sample.
It is generally accepted that hematogenous dissemination of bacteria
to the kidney may result, under certain circumstances, in the establishment
of pyelonephritis."4 A sufficient inoculum of a suitable strain of Staphylo-
coccus aureus.? or Streptococcus fecalis7 injected into the blood stream of
a normal rat leads almost invariably to renal infection. However, infection
of the kidney by the intravenous route is not easily accomplished with E.
coli, the organism responsible for the majority of human pyelonephritis.
Except for rare instances,' when E. coli is injected into the blood stream of
a normal animal, infection does not occur in the absence of some specific
qualifying circumstances such as ureteral ligation,' external renal massage,'
acidosis, severe inanition,'0 poisoning by certain chemicals," or renal scar-
ring.'
In the absence of these predisposing conditions, when 108 E. coli are
injected intravenously in a rat, bacteria will be recoverable from the kidney,
liver, and spleen until the 7th to 14th day after injection, but no tissue
damage occurs.! That the organisms in the kidney are potentially capable
of producing disease was shown by Guze and Beeson,' who ligated one
ureter of rats 24 hours after injection of the organisms, evoking ipsilateral
pyelonephritis in five of seven animals.
We cannot say with certainty whether organisms such as S. aureus or
enterococci which cause pyelonephritis after intravenous inoculation into
normal rats are distributed between cortex and medulla in this same
manner.
The localization of E. coli is of special interest since it has been
shown that the medulla is far more susceptible to infection than the cortex.
Rocha, et al.,' demonstrated that injury to the medulla followed by bacter-
emia results in pyelonephritis, while injury to the cortex followed by
bacteremia does not. Freedman and Beesone showed that direct inoculation
of as many as 105 E. coli cells into the renal cortex of the rabbit did not
regularly produce disease, while pyelonephritis was an invariable result of
the injection of 103 organisms into the medulla. Chemical injury to the
renal cortex does not result in increased susceptibility of the kidney to
infection while chemical injury to the medulla does cause an increase in
susceptibility.
This difference in susceptibility to infection by the two areas may well
be related to the efficiency in clearing the organisms suggested by the
present experiments. Guzeq found that following the injection of rats with
150
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enterococci there was trapping of organisms by both cortex and medulla
during the course of the bacteremia, but that the subsequent early pyelone-
phritic lesions were found in the medulla.
Histologic and other studies designed to locate the intrarenal bacteria
more specifically are now in progress.
SUMMARY
Following intravenous administration of nonpathogenic Escherichia coli
in the rat there is initial localization of bacteria in the renal cortex and
the renal medulla, the ratio of organisms in the two sites being approxi-
mately equal to the ratio of the masses of the two sites. In the cortex there
is progressive destruction of bacteria with cortical sterility beginning to
be achieved at 24 hours after inoculation. In the medulla, by contrast, after
an initial diminution in bacterial count there is multiplication of organisms
and sterility does not occur until after the fourth day. These findings may
be related to the proven greater susceptibility to infection of the renal
medulla over the renal cortex.
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ADDENDUM
In conducting the research reported herein, the investigators adhered to "Principles
of Laboratory Animal Care" as established by the National Society for Medical
Research.
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